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(54) Particle detection and embedded vision system to enhance substrate yield and throughput 



(57) The disclosure relates to an apparatus and a 
method for scanning a substrate in a processing system 
(40). A transmitter unit (56) and a receiver unit (58) are 
disposed on a processing system and cooperate to 
transmit and detect energy, respectively. The transmit- 
ter unit is positioned to transmit a signal onto the sub- 
strate surface (37) moving between vacuum chambers 
(44), one of which is preferably a transfer chamber (42) 
of a cluster tool (100). Features disposed on the sub- 
strate surface, which may include particles, devices, al- 



phanumeric characters, the substrate edges, notches, 
etc., cause a scattering or reflection of a portion of the 
signal. The receiver unit is disposed to collect the scat- 
tered/reflected portion of the signal and direct the same 
to a precessing unit (86). Preferably, the transmitter unit 
comprises a laser source and the receiver unit compris- 
es a charged-coupled device (CCD). Preferably, the in- 
vention is integrally positioned in a processing system 
to allow substrate inspection during normal operation 
and provide real-time information. 
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Description ■ • ■ " »■;•■. i.* 

- [0001] The.present invention relates.tca method and - 
apparatus for detecting the presence, of defects, such- r 
as particles :on: a substrate surface/More. particularly, 
the invention' utilizes a combination of a light source and •, 
a detector to illuminate a substrate surface and detect-.- 
scattered energy therefrom. ' . ; v c i 

[0002] ' Semiconductor processing generally involves-. , 
the deposition of material onto and removal ("etching") .; 
of material from substrates. Typical processes include^ • 
chemical vapor deposition (CVD)„physical vapor depo- : 
sition (PVD),.etching and others. During the processing: t 
and handling of substrates, the substrates often become - . 
. contaminated by particulates that can lodge ;themselves . 
in the featuresof devices formed on substrates. Sources .•■ 
of contamination include wear from mechanical motion, 
degradation of seals, contaminated gases,, other con- : 
taminated substrates, flaking ofrdeposits f rom process- 
ing chambers, nuclealion of reactive: .gases, condensa- 
tion during chamber pumpdown, arcing in plasma cham- 
bers and saforth. As the geometries of device features ; 
shrink, the impact of contamination increases. Thus, 
current semiconductor manufacturing routinely includes 
inspection of substrates for particles to identify "dirty",, 
.processes or equipment. ■ ■ r- -,r : 
[0003] In general,.there are>twocommercial methods 
for detecting particle, contamination: on a substrate sur- 
face, one being an X-Y surface-scan and another being . 
a rotary type scan. In each case, < an -actuating mecha- 
nism: or stage, is used to: move a substrate relative to 
light sources, such as laser-diodes. Figure, j- is a per- 
spective view of an exemplary inspection apparatus 10. 
A substrate 11 is positioned x>n a stage:1.3 .capable of. 
moving in an X^Y plane. In thecase.ofca rotary type in-: 
spection device, -the stage 13 is also Gapable of rotation - 
about an axis. A light source 1 2 emits light.beam 1 4 onto 
thesubstrate 11 and irradiates the surface., The light., 
beam '14 is focused as a spot by condenser lens 15 to- 
define an inspected area of the substrate 11 . Particles,, 
device patterns, andother protrusions on the upper sur- 
face of the substrate 1 11 cause the incident light beam 
14 to scatter in-various.directions, as.shown by arrows 
16, according to the light incidence angle and geometry 
of the protrusions. The scattered light -16 is received by r 
a collector lens 18 and then transmitted toa detector 20 . 
1 positioned in proximity to the substrate 1 1 . The detector 
20 is typically a Photo-Multiplier Tube (PMT),- a charge- 
coupled device (CCD) or other light sensitive detector 
The detector 20 converts the scattered light ,16 into a 
signal corresponding to the detected.prptrusions on the 
substrate surface. The signal is routed to,a processing 
unit 22 to generate data, regarding various parameters 
of interest such as the size and location of the detected 
protrusions. This approach, wherein scattered light from 
a surface under observation is detected, is, known as 
"Dark Field Illumination. 0 DarkFieid Illumination implies 
that only light scattered by protrusions on the substrate 
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surface is detected and light which is merely reflected 
by the planar sgbstrate surface is disregarded. 
[0004] One disadvantage with conventional inspec- 
tion systems is the prphibitive.size and cost of the sys- 
tems. Current systems are typically expensive stand- 
alone platforms that, occupy additional clean-room 
space. As a result of the large area^or "footprint," re- 
quired by the stand-alone Jnspection.platfprms^the cost 
,of>qwing.and operating such a system is. high. One rea- 
son for the size, of the inspection systems is. the desire 
for highly sensitive equipment capable oidetecting sub- 
micron particles. In order to achieve such sensitivity, vi- 
bration due to,the various moving components of the 
platform such as the stage, which : interfere ; with the in- 
spection techniques, mustb : e eliminated. Thus, the in- 
spection platforms are stabilized using a massive base 
comprising, granite slab, for example, to minimize the , 
- effects of vibration. To accommodate the wide range of 
motion of the stage and the massive base, conventional 
platforms occupy a large footprint in a fabrication facility 
(fab), thereby increasing the cost of operation of the 
.overall fab. _ , , - ■ 

. [0005], Another problem with current inspection devic- 
. es is the negative impact on throughput , or productivity. 
As described above, a stage moves a substrate through 
an X-Yplane to position the substrate relative to the light 
source. Conventional inspection.platf.orms, such as the 
one in Figure 1 , illuminate only a small portion, or spot, 
on the substrate being inspected. The substrate is then 
• moved repeatedly by the stage to expose the entire sur- 
face of the substrate to the light source. Consequently, 
conventional platforms, drastically increase overhead 
time associated with chip manufacturing. One attempt 
4o reduce the overhead time and increase throughput in 
a reticle inspection using a stage is shown in U.S. Pat. 
No. 5,663, 569 which utilizes optics. capable of shaping 
, the light beam. into a line, or slit, to allow. for single-pass 
inspection. The slit dimensions are adjusted to accom- 
modate ithe. width of the object under inspection so that 
•the object need only be scanned in a single. direction 
once. However, the light source is positioned to oblique- 
ly irradiate the reticle, thereby producing a non-uniform 
spot pattern. Specifically, the light source is offset to one 
side pf-the reticle such that the reticle moves past the 
light source during a scan as opposed to toward or away 
from the light source. As a result, the light produces a 
more intense pattern on the portion of the reticle closer 
to the light source while, a less intense pattern is pro- 
duced farther away from the light source. 
[0006] Throughput is further diminished because the 
current inspection systems, are stand-alone platforms 
that require substrates to be removed from the vacuum 
environment of the processing system and transferred 
to the separate inspection platform. Thus, production is 
effectively halted. during transfer and inspection of the 
substrates. Further, because such an inspection meth- 
od is conducive only to periodic sampling due to the neg- 
ative impact on throughput, many contaminated sub- 
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st rates are processed before inspection "and detection a quick decision to be made about whether an additional 
of problems occurs. The problems with substrate in- and more precise particle detection analysis is neces- 
spection can^be compounded in cases wfiere^the sub-* ■ saryj Preferably, the system would also allow the sub- 
strates are re<JjEtributed from a "given batch making it * -strife inspection tofce performed on^the-fly and produce 
difficult to'trace the contaminating source. : ' ' ? $ -reaWirne^ata on each substrate undergoing process- 
[0007] it'would be preferable to* ha\/e an -inexpensive * ing? father than just arbitrarily selected substrates from 

' in situ inspection 'method anti apparatus' incorporated' ! * A alDatch. r Such ! a\preferred system would, maximize the 
into existing processing" sysferfis capable of detecting system throughput and reduce operating costs by elim- 

' particles on substrates. FurtheY;thepref erred inspection'- \» - r inating the. need for time-consuming inspection of small- 
apparatus should be capable of : beingret*rofittied to ex-, • *ro >sc ! afe particles and also the cost associated therewith, 
istrhg processing systems. The -inspection apparatus- 1 - ;[O012]* Therefore, there is a need. for an integrated 
should be positioned 1 to allow inspection of "each sub- " : - •particle" detection system which allows for on-the-fly 
strate before and/or after processing. Impact to through- •■> ■■ monitoring and the detection of particlesln a processing 
put should be minimized by inspecting substrates "on-- systern.:^ . . : 

the-fly" during transfer betweentypieal processing steps 1$ "[0013] The present invention generally provides a 
without the need for a~separate inspection platform and- J - partibl'e-detectionapparatus in a processing system. In 
stage. ' r - " - ■"■ 'oneaspect orthe invention; a transmitter, unit and a re- 

[0008] Another problem with particle detection sys- : ceive^unit are disposed on or near a chamber and co- 
tems is the noise produced by chip patterns formed on : ; ^operate 'to-transmir and detect energy. The transmitter 
substrates. During inspection by conventional illunrTina- 20 unit is positioned to transmit a signal onto a moving sub- 
tion techniques; the patterns act as micro-mirrors caus- - - strate surface; The receiver unit is positioned to collect 
ing the light to reflect in various directions. As-a result, - 'a scattered portion of the signal and direct the same to 

' the patterns may produce misleading information, i.e., a processing unit: - * ; . • * . 
thepatterris may indicate the presence of foreign parti- * . [0014] in another aspect of the invention; atransmitter 
cles where none are found. In order to allow particle de-V 25 ^uriit and a receiver unit are disposed on a semiconductor 
taction of patterned' substrates various methods and ap- processing system and cooperate to transmit and detect 
paratus have been implemented in the art.' -'■ '-energy,' respectively. The 'transmitter unit is positioned 

[0009] U.Sv Pat. No. 5,463,419, entitled "Method ancf j * to transmit a'Signal. into a region of the processing sys- 
Apparatus for Analyzing the State of Generation of For- * : 1em; such as a~transfer chamber, and onto. a substrate 
eigh Particles in Semiconductor Fabrication Process, 8 "30 " surface moving therethrough. -In one embodiment, the 
provides a rnethod of detecting foVeign particles on a' - ' v signal is transmitted onto a substrate moving through a 
substrate by "eliminating" the patterns formed on the : ^ s -cavity of the transfer chamber and preferably between 
substrate. For example, corresponding portions of ad : the transf en chamber and an adjacent vacuum chamber, 
jace'nt chips r are compared' to determine differences. ' - A robot prefetably located in the transfer chamber or a 
The chips' are iliununated with a light source to cause' 3$s front-'end -environment oHhe processing system, ena- 
reflectioh of the light which is detected "by detection > bles ; movemetot of thesubstrate/Thereceiverunitisdis- 
equipment while the substrate is actuated by a convent 'posed to collect a scattered, portion of the signal and 
tional stage. 1 The reflected distribution of light is then 'direct the same. to a: processing, unit Preferably, the 

' compared to determine the presence'of foreign particles ; f - transmitter unit and the-receiver unit are disposed in a 

1 oh the substrate: The porfion : of the resulting signals 40 ? region externaltothe processing -system, 
which are identical are erased leaving only differences ■ v[0015] : In-yetanother aspect of the invention, a light 
in the signals. 1 The differences are assumed to be the * source and one ormoreicharge-coupled devices (CCD) 

"result of particles on the substrate. ' - - - ' are disposed on or near a chamber and cooperate to 

[0010] While such a r meth6d can achieve relatively - transmit and detects energy, respectively. The laser 
high resolution capable of detecting sub-micron parti- ' ; 45 c source is positioned to transmit a signal onto a moving 

oles, the necessary equipment and' signal processing - ■ substrate' surface; The CCD is disposed to collect a 
systems are complex and expensive as well as time- " scattered portion of the signal and direct the signal to a 
consuming because in order to produce high resolution- prbce'ssing unit, ri; ' * 

detection long scanning times are needed. Further,- ' ^ [0016] >ln still another aspect of the invention, a signal 
sources of foreign particles can produce targe-scale " so*' is tran'smittedon a substrate moving in a first direction 
particles, therefore, small-scale particle detection may' - between aiirst vacuum chamber and a second vacuum 
not be necessary in cases where catastrophic chamber - - . chamber of a semiconductor processing system or ro- 
faiiures occur. By "catastrophic 8 - is meant flaking of ma- - tafionally within 1 the first chamber. Preferably, the first 
terial that has accumulated oh the chamber surfaces!- - "vacuum'chamber is one of a transfer chamber or a front- 
[0011] Therefore, what is needed is a system capable- 'ss end environment and the second vacuum chamber is 
of rapidly determining the condition of a substrate in or- one of "a", process chamber, a service chamber or a load 
der to facilitate a subsequent substrate handling deci : lock chamber. A reflected portion of the signal is re- 
'sion. That is, a preferred detection system would allow xeived by a receiver unit and subsequently directed to 
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a processing unit for processing. In on'e 'embodiment, - 
the reflected portion of the signal is reflected by particles 
' disposed on the substrate, in another embodiment, the : 
'reflected portion of the -signafis;* reflected by'aiphanu-- 
meric characters disposed on the substrate:' '*< ' 
[0017] In still another aspect of the invention; a signal 
: is transmitted on a substrate-moving in a fitet direction * l 
between a first and second vacuum chambeY of a sem- 
iconductor processing system orrotationally "within the - " 
first chamber. Preferably, the ftrst vacuum chamber is 
one of a transfer chamber or a front-end Environment ' 
and the second vacuum charhber is one : 6Pa process r - 
chamber, a service chamber br a load lock chamber. A 
reflected portion of the signal is received by a receiver 
unit and subsequently directed- to a processing unit for 
'processing. The processing unit is adapted* to read a *" 
computer-readable program product to generate infor- 
mation pertaining to'the substrate. Preferably, the pro-' 
^ram product is adapted to provide substrate positional 
information, substrate reflectivity information specular 1 
information, substrate defect 'information, substrate 
damage information, particle contamination information 
for the substrate support member 'and asubstYate dis- 
posed thereoa alphanumericcharacter information, ro- : 
' T bot behavior information, calibration" information for a ro- 
bot; a transmitter Unit arid/or 'a receiver unit; and any 
combination thereof . ' ■ ' 1 - 
[0018] In still'another'aspect ol the invention, a meth- 
od of determining the center ahd/or orientation of a sub- 
strate is'provided. A substrate is positioned irta chamber 
"having a receiver uriif arid transmitter unit disposed" ' 
'therein' The surface of the substrate is illuminated with :; 
- radiation from the transmitter unit ahfl an "image repre- 
sentative of at least an edge po'rtioh of the 'substrate is 
captured by the receiver unit/The image is analyzed to 
determine at least one of the center or orientation of the 
sub'sf rate. The substrate surface illuminated may be the 
backside of the substrate or the upper surface of the- 
substrate in-facing relation to-th'e receiver unit. 
[0019] So that the manner in which the above recited 
features, advantages ancf objects df the present inven : 
tion are attained andean be understood in detail, a more- 
' particular description 1 of the invention^ brieflysumma- 
rized above, may be- had by reference tb the embodi- 
ments thereof which are illustrated in the appended 
drawings. 1 ' - : " 

[0020] It is to be noted, however, that the-appended 
drawings illustrate only typical embodiments of this in- 
vention and are therefore not to be considered limiting 
of its scope, for the invention may admit toother equally 
effective embodiments'. ~ ' * 

' [0021] Figure 11 is 'perspective view ofa-prior art in- 
spection apparatus. • * 
[0022] Figure 2' is a partial perspective view of a* 
processing system. 

[0023] Figures 3A-C are top views of the processing 
system of Figure 2'sh'owing various positions "of a sub- 
strate disposed on a blade during rotation of the blade. 



[0024] Figure 4 is a top view of the processing system 

of Figure' 2 showing* a- substrate disposed on a blade 

• -'during retraction of the blade. ■ - J ' 
• - [0025] Figure-5 is- a pian view of a typical cluster tool 

'5 "for semiconductor processing. - 

"> [0026] Figure 6 is a graphical-representation of spec- 

i ~ ular reflections on a'patterned substrate illuminated by 
a light source. *' 

1 - [0027] Figure 7 is'a-comparative graphicarrepresen- 

io ■•tatidn of specular reflectidhs-on patterned substrates. 

- • [0028]' -^The' present invention generally -provides a 

- particle detection apparatus in a processing system. A 
■ r - transmitter unit and a receiver unit-are disposed on or 

near'a chamber and cooperate to transmit and detect 
15 energy.' The transmitter unit- is* positioned to transmit a 
' ■ signal onto a substrate surface moving between vacu- 
>■ urn charnbers. Particles disposed on the substrate sur- , 

face cause' a 'scattering' of a portion of the signal. The 

- * receiver unit is positioned to collect and measure the 
2d scattered portion of the signal and direct the same to a 

-" processing unit. Preferably, the transmitter unit compris- 

• es a light source- and the receiver unit comprises a 

- charged -co up led device (CCD).' 

■ [0029] Figure 2 is a perspective cutaway of a process- 
es ing system 40 of the present ' invention comprising a 

• transfer chamber 42 and a vacuum chamber 44 mount- 

- - ' ed thereon (see Fig. 3A). The transfer chamber 42 and 

~ the vacuum chamber 44 are selectively communicable 

- through an aperture 4© which can be sealed by a con- 
so ventidnal 'apparatus' such as a^slit : valve door (not 
*■ shown). The aperture 46 is-sized to accommodate the 
' transfer of substrates therethrough. A robot 50 is cen- 
trally disposed in the transfer chamber 42 and compris- 
es a blade 48 coupled to the robot hub 51 by frog-leg 

35 type linkage 39. The robot 50 enables rotational and ra- 
dial movement of the blade 48 along a transfer plane, 
!J thereby shuttling substrates between various positions. 
' The transfer chamber 42 and the vacuum chamber 44 
are preferably components of a cluster tool 100 such as 
-40 the one shown in Figure 5 and described in detail below. 
" Thus- the vacuum chamber 44 may be a'load lock cham- 
ber providing an. interfacing chamber between a front- 
end environmentand the transfer chamber 42; while the 
; • - transfer chamber 42 provides a vacuum environment 
45 communicable with various peripheral chambers. Alter- 
natively, the vacuum chamber 44 may be a' process 
chamber. 

[0030] As shown in Figure 2 a transmitter unit 56 and 
-a receiver unit 58 are externally mounted to a iid 52 of 
'so the transfer chamber 42. The transmitter unit 56 in- 
cludes a light source 60 and beam-shaping optics 62 
and is pbsitioned'to emit a signal 54 into the cavity 41 
of the transfer chamber 42 via a view port. 64; The view 

- port 64 comprises : an opening formed in the lid 52 and 
55 is hermetically sealed with plate 66 made of a material 

transparent to the signal 54 of the light source 60. In one 
embodiment, the plate 66 may comprise Pyrex™, for ex- 
. ample. In operation, the signal 54 propagates parallel to 
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the Xraxis .shown.iri Figure 2 and is directed poto an up- !; . v , v stru^ecAupqn intercepting the upper surface of the sub- 

persurface of a substrate 37 rotating through the cavity., • :; .stiate 37, / 4 . \\V : i .,- 

41 of the transfer climber 42, The signal defines a lighr m . [0034] . The reqeryer f unLt 58 includes an optics assem- 

♦ pattern 53.upon falling on the_substrate 37. Asdescribed t • bJy^O,. comprising oneor more lens^and a detector 82. 
in detail below, the spot size of the Might pattern 53 may 5 The JetectQrJ&of.the receiver unit 58 preferably com- 
be varied according the substrate size by .adjusting the ^ r ; prges> : a charge-coupled device (CCD) line camera. A 

• beam shaping optics -62. and the position qf the light-, ; *. ., CQpJine ^mera is a preferred detector due to' its high 
source 60. -r r ;,;£. immunity to put -of -substrate .noise and its ability to pro- 
.[0031] Theiight spurce^Ocap be, for example, a laser t , ^yide particle coordinates on a substrate. By. using a line 
source or a broad spectrum light source. In general :l the: ; w. - CCD the vertical coordinate of each detected particle 
light source 60 is.selected according scattering intensity, r . can be determined. However, while. CCD detectors are 
.brightness, and-cpst. Where a laser source is used, the— f ( preferred, other detectors, including time delay integra- 
laser source . is preferably operable at .about >808nnru . tioa (TDI^detectors, or PMTJs may be used to advan- 
However, other laser sources, such as 650nm or 680nm ., . tage, Where ia TDI. detector, is-used the. spot is.adjusted 
wavelength laser, sources, imay also be used. . \: > : is . tac<>rrespondto4he JDI size as js known in the art. 
[0032]' lageneral, the spot size of the.light pattern 53< t - [0035] Ihe t foregoing description for positioning the 
is substantially determinedby the beam-shaping optics . ^transmitter unit 56 and -receiver unit 58 is merely illus- 
62 and ,the position of the.transmitter.unit56-.Thebeam-^ ■ :y .tratiye and other, embodiments are possible. For in- 
shaping optics 62 is selected to provide a spot size ac 7 . stance r yvjiile Figure 2 shows the transmitter unit 56 and 
cording to the dimensions of the substrate.. For a 30Qmrn • 20 . the. receiyei.gnit 58 disposed outside the cavity 41 of the 
substrate, for example, the spot size otthe.light pattern * r transfer chamber 42, in another embodiment the trans- 
53 is preferably at least 220u,m (width) x-300 pnm (length, - mitter unit 56 mdthe, receiver unit T 58 are positioned in- 
y-axis) on the upper surface qf:asubstrate. Thus, in op- r side the cavity, 4t ,,^nd thus,, under vacuum conditions, 
eration, the. entire breadth of a 300mm substrate is ex- , Xi Additionally, as, will.be described in detail below, the in- 
^posed to the signal 54.after a.single scan. Hoyvever, it 25 yerition has application other ,than particle detection 
is.believedlhat.pnly 60% or more of the substrate need ; ,,.and, therefore, cap, be. modified accord ingjy. 

be^ exposed to the signal 54. Typical sources of cata- [0036] Together, the transmitter unit 56, and the re- 
■istrophic process chamber contamination, such as flak- ,ceiyer : unit. 58^ comprise, an Optjcal . Sensor Assembly 
,ing (also known as chamber excursions), provide nun.-, . - ■ . ( .(QSA) ;t The ope : ratipn..of ; the OSA is controfled-by an 
dreds'of particles that may settle on the processing surr .- 30., Electronic Process ipg and Interface Unit.(EPij-86. As 
face pf a substrate; Successful particle detection re> ~- shown jn Figure. 2, the EPI 86 is. electrically coupled to 
quires-only that aportion of the contaminants be detect- ... ^ the t 4ransm[tter unit56 by an.input cable 88 and provides 
edtoconfirm the presenceof a contaminated substrate.-,. .commanrJ^ignals thereto : and is electrically, coupled to 
Thus, monitoring at least_60%pf the processing surface . -, the^receiver, unit 58 by. an output cable 90 to receive out- 
ensures a substantial probability of detecting a contam : , 35. put $ignals> tbetef rqm. Although., the microprocessor/ 
inated substrate. ; < , ^controller* for. the- processing system 40 is preferably 

[0033] Referring still to Figure 2, the receiver unit 58 - 5 .separate from the EPI 86, in one embodiment the EPI 
is stiown mounted in a view port 70 formed jn the lid 52 ; . i . 86 may serve as the control unit for the processing sys- 
and defines an optical path 61 towardthe substrate 37 tem 4Q r; thereby eliminating the need for an additional 
. moving: through the cavity 41. The receiver .unit ;58 \%; to .^pntrol unjt. ~ ■ . 

secured above an energy transparent p|ate 72 made of .. ■ [00?7] -The EPI.S6 may be operated using a computer 
a . material, selected according ; to the operating wave- - - program prpduct Icornprising a computer code, which 
length of the signal 54 and preferably comprises of the - . ; can be run. on a conventional computer, the computer 
same material as the plate 66; disposed, in view port 64. :? ; .- ; program ^n be, written in any conventional computer 
- For example, where the light source 60 is a t laser source 45 ^ readable pcpgramming language such as, fpr example, 
.operating at about 808nnrMhe material for the plates 66, 68000 assembly language, C, C++, Pascal or Java. 
72 is selected to accommodate a 808nm signal. The re-. _ - , Suitable program code is entered into a single file, or 
ceiver unit 58 is positioned to receive a scattered portion . multiple files, using, a conventional, text editor, and 
74 of the signal 54 from the.substrate 37 during opera- stpred.or embodied in a computer usable medium, such 
'tion. The scattered portion 64 Js represented by a mul- > so ? as a memory system of the computer. If the entered 
tiplicity of arrows oriented atyarious angles relative to code text is in a high level language, the code is com- 
the upper surface of the substrate 37 and indicates the .. t piled, and the resultant cpmpilercode-is then linked with 
presence of,an obstruction, such as particulate contam- an object code of precompiled windows library routines, 
ination disposed on the upper. surface of the substrate ^ Xo execute the linked compiled object code, the system 
37.-A reflected portion 69 of the signal 54 propagates at 55 US er invokes the object code, causing the computer sys- 
angle relative to the substrate 37 substantially equal to tern, to load, the code in memory, from which the CPU 
the angle of incidence g. The reflected portion 69 rep-. reads and executes the code to perform the (asks iden- 
resents the portion of the signal 54 substantially unob- -. - ,tified in the program. . .. . . 
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[0038] : Upon initiation by a user, .th6 EPI S6 continues' 
to monitor substrates which enter.the field of .view of the: . . 
receiver unit 58. If. the EPI 86 detects* the~presence of a • 
contaminated substrate, the user may. b£ 'alerted by a : 
warning, message displayed on., a display: unit (not 
shown). Additionally or alternatively, .the microproces- ^ 
sor/controller of the .processing system 40rcan be inf. 
structed by the E PI 86 to~transfer the substrate to a par- 
ticular location for eventual disposal, cleaning or further.:., 
inspection. . _ r - f ~ v-. -* ^ : 

[0039] The operation-of the present invention is illus- =. 
trated by Figures 3A-C. Figures 3A-C are top; views of: • 
the processing system 40 showing, the. blade 48 and. . 
substrate 37 in various-positions during rotation through 
the transfer chamber 42. Figure 3A shows the.btade 48,. 
immediately after initiating counter-clockwise rotation * 
so that the leading edge -92 of the substrate 37 is posi- 
tioned in the path of the signa! 54. Thus; a portion of the \ 
light. pattern. 53, represented by. the shaded area, is 
shown intercepting the leading edge 92 of the substrate 
37. During the continued rotation of the blade 48, shown . 
by Figures 3B-C, the light pattern 53 scans- the upper 
surface of the substrate 37. The light pattern -53 illumi- 
nates particles 75 on the -substrate" 37 which causes *, 
scattering of tfre signaL54. The size of the particles 75 
are typically in the micron. range 'but are shown greatly -. 
exaggerated for clarity.. The scattered portion 74 of the 
signal 54 is then collected by the receiver unit 58. Where., 
the detector 82 is a CCD, the scattered portion 64 is fo- 
cused by the receiver optics ,80, imaged onto the ele- - 
ments of the CCD, converted into an electrical signal 
and transmitted to theEPI 86 for. processing. ; 
[0040] It is understood thafcthe foregoing sequence 
may be performed- before, and/or after the substrate 37\ 
undergoes a processing cycle .iaa processing chamber. 
For example, Figures. 3A-C may. represent a substrate; . 
being transferred from a load lock chamber to a process- 
ing chamber. Alternatively, Figures' 3A-C may represent 
a processed chamber beingi transferred to a cooldown 
chamber or being returned to a load lock: - ;: 
[0041] While Figures 2 and 3A-C show the preferred 
positioning and operation for the transmitter unit 56 and' ; 
receiver unit 58, other embodimentsmay : be used to ad- 
vantage. In general, the transmitter, unit 56 and receiver 
unit 58 may be positioned at any point on theproceSsing" 
system 40 .where the signal 54 may.be directed onto the 
upper surface of a movingsubstrate and scattered light 
may be detected by the receiver unit 58. Thus/in anoth- 
er embodiment, particle detection is performed during : 
retraction or extensions the robot 50 as describe with, 
reference to Figure 4. Figure 4 is a top oUhe processing • 
> system 40 showing the blade 48 and substrate 37 dis- 
posed thereon during the retraction of the blade 48 from 
the vacuum chamber. 44. into the transfer chamber 42 
via the aperture 46. In order to maximize the exposed 
surface area of the substrate 37, the signal 54 preferably 
intercepts the substrate 37 in extreme proximity to the 
aperture 46 as shown in Figure 3A.Such a positioning 
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1 -\. ensures exposure of substantially the entire upper sur- 
face of the substrate after full retraction of the blade 48, 
/ . thereby maximizing'the surface area of the'substrate 37 
which is scanned by the signal 54. The shaded portion 
5 " of the light pattern53 indicates the portion of- the signal 
.. * 54 incident on the substrate 37. As the blade 48 contin- 
. :. ues to retract, the 'substrate 37 is moved through the 

* path of the-'sighal 54, thereby exposing-' the 1 upper sur- 
face of the substrate .37 to the signal 54.' Particles 75 

10-. disposed on the upper surface of the substrate 37 cause 

* the.signal 54to scatter, shown-by arrdWs:74.~ The scat- 
tered portion of the signal 54 is collected by the receiver 
. unit 58, converted into an electrical signal and transmit- 
ted to the EPI 86 for processing. Upon complete retrac- 
es tion of the blade 48, the light pattern 53 is preferably 

radially outward of the trailing edge 98 of the- substrate 
37. so that the full surface area of the substrate 37 has 
been exposed to the light pattern 53. 
. {0042] * The embodiments shown in Figures 3A-C and 
20 • 4 are merely illustrative. In an alternative embodiment, 
a pair of transmitter units 56 and'receiver units 58 may 
•. be used in combination to monitor a substrate during 
linear motion and rotational motion, respectively. Such 
an arrangement' can improve the accuracy of detection. 
A person skilled in the art will recognize other- embodi- 
ments. Further, while a single surface scan of the sub- 
. strate 37 provides a high degree of accuracy relative to 
. particle detection, additional methods may beemployed 
to enhance detection confidence. For example, the ro- 
se bot blade 48 may be dithered, or- oscillated, -so that a 
given particle can be moved into the f ield of view of an- 
other CCD detector- element in the array of elements. 
. Detection by multiple elements provides additional cer- 
tainty of the existence and location of the particle. 
35 [0043] Determination of the location of a particle on 
. the substrate is made by identifying particular features 
on the substrate or blade. For example, in one embod- 
; iment the EPI may be programmed to detect the leading 
■ edge, i.e., the substrate curvature which first enters the 
40 field-of-view of the 1 receiver unit, and lagging edge, i.e., 
the last curvature to be detected by the receiver unit, 
during linear or rotational movement of the' substrate. 
The substrate edges provide reference points which 
. ' may then be used to generate one: of two coordinates, 
45 • i.e., X and.Y because the acquisition rate of the CCD 

* detector is-known. The acquisition rate refers to the fre- 
quency of image generation du ring the movement of the 
substrate in the:field-of-view of the CCD detector. Pref- 

* .erably, consecutive image are generated so that no 
so . overlapping or missing portion of the substrate results. 
■ . ' Thus, the processed output of the C'CD' detector is a 

' "photograph" of the complete substrate surface. The re- 
r ; maining coordinate is determined by where the particle 
r is detected on the detector array of the CCD detector. 
55 [0044] The present invention has particular advantag- 
es in a multi-chamber processing system. One exem- 
plary multi-chamber processing system commonly used 

• in the semiconductor industry, well suited for supporting 
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the detection apparatus described herein,, is known as, . v ...cess into the transler chamber 11 G:The ; v1ew ports 120 

. a-chjster tool. A cluster tool is a modular system com- . - • : prouide<suitabte locationsforthe transmitter unit 56 and 
-prising multiple chambers which perform various func-'o . the receiver-uriil :58; "Arrows 122, 124 indicate points 
Ijons including ; su.bstrate center-finding and orientation, * • ■ • wfoerewspection of a substrate may be preformed- Ar- 
degassjng. annealing, .deposition :and/or. etching. The . s -tjowsf-t22 represent^pbints where the robot blade 126 is 
multiple chambers:are mounted, .to -a central transfers . /rotated and arrows-124 represent points where the robot 
chamber which houses a robot adapted-to shuttle sub-: . ..Wade 126 is. extended or retracted. The transmitter unit 

^strate.s.between the chambers. The transfer chamber i9^ : . ^; 56-;and receiver unit, 58 may be positioned in the view 
typically maintained at a vacu urn condition andprovides > v >. :£p9rtS;T2G accordingly as described with reference to 

; an intermediate stage for shuttling substratesirom one w Figures 2-4. For example, the transmitter unit 56 and 
"Chamber to another andfeuo a load lock chamber po^ >, -receiver unit.58.may be secured above the view port 20 
sitioned at a front end of the cluster-tool. The centralized ... . \ in.a position having field of viewof the robot blade 1 26 
position of the.transf e.r chamber.provides.ah. ideal loca- • ebtering:.or exiting th'e load lock 1 06: As-noted above, 
tion for a particle detection system. ' t . • ;. the, usenof -more than one transmitter unit 56 receiver 

[0045] :Thus, the transferchamber 42 and the vacuum- -is . 'unit 58 pair Is. also contemplated by the present inven- 
chamber 44 may each ber part of a cluster tool. Figure. fonv.White the aforegoing has been described with refer- 
5 is a:plan view of a typical cluster tool. 1,00 for semicon-. ; ; ence a to the transmitter unit 56 and the receiver unit 58 
ductor processing wherein the present invention may be ? - disposed orfthetransf er chamber 1 1 0, the invention has 
us.ed.to advantage. Two-such platforms are the Centu^ application at any position in the cluster tooMOO where 
ra® and the Endura® both available from Applied Ma- > 20. substrate are in motion/ Thus, arrows 107 indicate the 
terials, Inc., of Santa Clara, California. The details of one* . movement of substratesthrough other locations in the 
such staged-vacuum substrate processing/system is. . cluster. tooMOO^which provide additional inspection 

^disclosed in United States Patent No, 5, 186,71 8, enti^ . 1 ^ sites:. ■ r, "■ 

?tled ."Staged- Vacuum Wafer Processing -System and^ , , [004S] • ' The foregoing embodiments-provide a detec- 
Mcthod," Tepman et at., issued on February 16, 1993,- 2s : tion apparatus :arid raethodr capable of detecting the 
which is incorporated herejn% reference. The exact ar r j - : presence of particles on substrates on -the-fly and in 
rangement and combination - of chambers may be at- *. : situi Iwsilu, ori-tbe.fly detection eliminates the need for 
tered for purposes of performing specific steps. of a fab- : . conventional stand-alone inspection-platforms compris- 
rication process. 1 : ing dedicated. actuating mechanisms such- as the stage 
[0046] : (^accordance with the present invention, ther-^30-.- 13show.nnnFi&tirelv The present invention uses to ad- 
cluster tool 100 generally comprises a plurality of cham-., £. , vantage components typicaiLy.-ihcluded in any conven- 
ers and robots, and is preferably equipped with a mi- tional pracessing.system, suchas the robot 50 (shown 
coprocessor controller 102 programmed to carry out".' * in Figures 2-4), to enable a stageless inspection system, 
'..the various processing methods performed in the cluster ■, ■ ■ .Particle detection ,is performed at various positions in a 
•tool 100. A front-end environment 104 is shown- posk- ^ processfng.systemduring normal and necessary oper- 
tioned in selective communication with a pair of load lock, .- ;. ation -sequences without transferring the substrates to 
chambers 106. A pod loader 108 disposed in the front- - ^ separate -stand-a^ohe inspection platform, thereby 
end environment 1 04 is capable of-linear and rotational - ,v . .minimizing the . impaction throughput. Consequently, 
movement T to shuttle cassettes: of substrates; between ■ :. , each substrate entering or exiting the process system 
the^load locks. 106 and a plurality of pods 105 which are 40 can be* inspected, thereby achieving a significant im- 
. mounted on the front-end environment 104. The load - ■ .improvement over prior artwherein only periodic sampling 
locks 106 provide a first vacuum interface between the was. possible: due to the negative effect on overhead 
front-end environment 104 and a transfer chamber 110. v . time. -Further, the use of conventional features such as 
Two bad locks : 1 06 are provided to increase.throughput . view- pbrts.and transfer robots facilitates retrofitting the 
by alternatively .communicating with.the transfer cham- & present invention to existing systems without the need 
ber 110 and the front-end environment 104. Thus, while . * . for expensive re-machining procedures, 
one load lock 1 06 communicates with the transfer cham- : [Q049] . -For.simpiicity-.the foregoing has been directed 
ber 110; a second load lock 106 communicates with the . toward particle detection on unpatterned -substrates 
front-end environment 1 04. A robot 1 1 3 is centrally dis- . . v having substantially smooth planar surfaces. On unpat- 
posed in the transfer chamber -110 to transfer substrates ••. so terned substrates, light from the light source 60 (shown 
from the load Iocks106tooneof the various processing in Figure.2) is scattered only- upon striking a particle, 
chambers 114 and service chambers 116. The process- ' Patterned substrates however include topological vari - 
ing chambers 114 may perform any number of process- ; ■ :• ances that canicausescattering of incident light, thereby 
es such as physical vapor deposition, chemical vapor *: " falsely indicating the presence of a particle. Thus, where 
deposition,, and etching while the service chambers 116 ss ^patterned substrates are to be examined, the invention 
are adapted for degassing, orientation, cooldown and- : ■ utilizes a unique signature produced by illuminating 
the like. » each substrate -in order to differentiate between sub- 

,[0047] A number of view pods 1 20 provide visual ac-r . strates,The unique signature is the result of the patterns 
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formed on the substrate, Because the.topology due to. : 
patterns of substrates thatundergo a particular process., , 
is substantially- repetitive, the-signature,.will be unique 
for each of the substrates. Thus, ihe unique signature 
may be stored in a memory .and- used. to compare sur- 5. 
face conditions of substrates during production. 
[0050] Figure 6 represents a scan of .3 rn'illion data. , 
points showing the specular, , signatureV15Q for a call- . . 
bration substrate scanned according to the techniques 
described above. The number of occurrences (y-axis), / 10 . 
or readings by the detection equipment, at a particular 
intensity (x-axis) are plotted. Subsequently, two different 
test substrates were scanned in a similar manner result- . . . 
ing in two separate and distinct spectral signatures. Jo- 
determine the relative conditions of. the surfaces ol the ^ \s 
^.^Dstrates, the, signatures for u theJtwo test substrates .. 
. ware compared to the signatured 50 jorihe. calibration ) .. 
>ubstrate^ The graphs 152, 154..shown in Figure 7 are 
the result of subtracting the number of occurrences at a 
given, intensity for the calibration substrate from the 2° 
number of occurrences at the same given intensity for 
the two test substrates. Thus,.. a first graph 152 repre- 
sents the difference in the recorded output ofthe detec- . t 
tion equipment between. the first test substrate and the 
calibration substrate and shows little variation. A second ?s 
graph 1 54 represents the difference in the recorded out- 
put of the detection equipment between .the.second test . 
substrate and the calibration,substrate ?nd shows a sig- 
nificant variation, indicating a, difference in tlpe surface 
conditions of the, compared substrates . . . 50 
[0051] Thus, the invention provides an efficient and. 
effective method of comparing substrate surface condi- , 
tions on-the-fly in a processing system. In production, . 
. the invention is a viable method of df termining whether : 
production should be halted and ( a particular substrate 35 
should be examined more carefully for. contamination or . 
defects. Only selected substrates need, undergo addi- 
tional particle detection, thereby, minimizingthe impact, 
to throughput. - - , ,,. ... 

[0052] In addition to particle detection, a preferred de- *o 
vice would be capable of performing other f unctions typ- 
icaliy performed in a processing chamber ^nd inspec- 
tion chamber in order to increase throughput and de- . 
crease operating cost In the production of devices it is - 
necessary to determine various characteristics of a sub- 
strate ol which particle contamination is only one. for 
example, substrate characteristics such as.discontinui- 
ty, (the presence of fractures. and other structural de- 
fects) are important to identify potential problems which 
may affect the efficient operation of a system and lead sc 
to increased cost of operation due, to. damaged sub- 
strates. Additionally, substrate centerfinding and orienT 
tation are often necessary steps during processing to. 
generate positional information regarding substrates. In 
conventional systems such, procedures are performed. 5i 
at designated locations in the processing system. Thus, 
a substrate must be shuttled to the designated locations ■ 
in order to undergo each procedure, thereby decreasing 



throughput. Further, because .such teste are typically 
performed only periodically on an arbitrary substrate, 
many substrates may be damaged before a problem is 
identified. . . . . ,. 

[0053] Another situation .which. can cause Increased 
processing costs. is improper, substrate'" routing. Occa- 
sionally, a substrate may be improperly routed. to a proc- 
ess, chamber where the processing, conditions cause a 
volatile reaction, thereby darnaging the substrate and/ 
or the processing chamber. "Etecause current processing 
systems are. not equipped to prevent mis.routing, the 
cost of operation is increased. , 
[0054] Thus, what is needed is.a "gate-keeper" appa- 
ratus and method capable of'examining a substrate for 
selected characteristics which include particles, orien- 
tation, centerfinding, reflectivity, substrate type, discon- 
tinuity, etc.\Preferably, such an inspection can be per- 
formed prior to entry into a process chamber as well as 
exit from the process chamber, thereby determining real 
time pre- and post-processing conditions of the sub- 
strate. . 

[0055] Other functions routinely performed in conven- 
tional processing systems and inspection systems in- 
clude calibration of robots and the inspection equip- 
ment. Current ,methods of calibration negatively impact 
throughput because the system* must be halted and 
opened in order to perform the calibration. A preferred 
processing system would allow.for an integrated, or em- 
bedded, device capable of performing these various 
tasks in an integrated location and on-the-fly Thus, the 
processing system could be Jurther. integrated and 
throughput can be increased. In addition, it would be 
preferable for such an integrated arrangement to be ca- 
pable of monitoring robot behavior. Robot behavior of 
interest, includes acceleration, speed, repeatability sta- 
bility, etc. A system adapted to monitor such robot char- 
acteristics would provide an apparatus and method to 
. ensure consistent robot behavior regardless of the par- 
ticular system in which the robot is' implemented. Addi- 
tionally, it would be preferable for such an integrated de- 
vice to determine the presence of contamination on the 
robot blade which supports substrates during transfer. 
The. presence of such contamination indicates that the 
backsides of substrates are being scratched during a 
substrate handling step. Heretofore, however, no such 
devices or methods has been known. . 
[0056] The inventors have discovered that the inspec- 
tion device described herein can be adapted. to perform 
, numerous other inventive uses needed in processing 
systems such as those just described, e.g., the deter- 
mination, of selected substrate characteristics including 
reflectivity, substrate type, discontinuity, orientation and 
centerfinding, as well as performing calibration of robots 
and the inspection equipment and monitoring robot be- 
havior. The following discussion provides various em- 
bodiments for the present invention but is not intended 
to be exclusive, as those skilled in the art will readily 
recognize other, possible embodiments. 
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[0057] " : in one embodiment, the invention determines 

* the substrate* type: As noted above, the patteVn of sub-' 
s : trates provides a unique signature: Accordingly, the in- 
vention may be used to recognize substrates based oh" 
their pattern by scanning the substrate" in the manner - 
descVibed above and transmitting the receivfed signal to 
the 'EPI 86 for processing. The* scanned pattern is then : 
compared to stored signatures to 'determine the sub-" 
^trafe 'type. Such an application' provides the ability io* 
detect a substrate * that may have ' been ' misrouted : ' 
through the system. For example; the OSA c'duld detect 1 
and reject a substrate with photoresist which have been 
routed to; a physical vapor deposition (PVD) chamber; ' 
thereby preventing potential darnage to a process 
chamber and the 'substrate. In addition, recognition of 
the substrate pattern can be 1 used to automatically 
change the process recipe according to the substrate 
type- 

[0058] 1 Further, the invention/can be used to deter- 
mine process uniformity, smoothness and substrate 
damage or defects, such as discontinuity (structural de- 
fects of the substrate due to thermal migration, for ex- 
ample, which 1_ may lead to' portions "of the' substrate 
breaking off). In operation, the OSA and EPI 86 can be 
employed to generate a map'of the substrate topology. 
The map can then'be analyzed 'for' texture characteris- 
tics such as planarity and uniformity. In addition, any 
'substrate damage or defect, such as chips or fractures- 
may be detected and mapped. Analysis can be en- 
hanced by use of a color CCD detector 
[C059] Another substrate characteristic which may be 
determined, is the reflectivity of the substrate. Informa 1 
tiori regarding reflectivity can be used to determine 

* whether certain process conditions have been success- 
fully achieved, such as the endpoint of an etch proce : ss. 
Because the endpoint information is available in near 
real-time, /.e:, substantially contemporaneously with the 
end of the process, and proximate the processing cham- - 
ber, ah under-processed substrate 'may be immediately 
returned for additional processing. Conventionally sub- 
strates are taken to a remote location for endpoint ex- 
amination. A subsequent determination that a substrate 
is under-processed typically results in the substrate be^ 
ing discarded because the time involved in returning the 
substrate for additional processing is cost prohibitive 1 . _ 
[0060] In another embodiment, the invention provides 
for Optical Character Recognition (OCR). OCR refers to' 
the detection and processing of alphanumeric charac-' 
ters through video imaging. Substrates are often identi- ' 
tied by characters which are typically inscribed on the ' 
substrate surface. The transmitter unit 56 and the re : '' 
ceiver unit 58 of the present invention provide an appa- 
ratus capable of illuminating and detecting the charac- 
ters and then directing a signal to the EPI 86 for process-' 
ing. In operation, a substrate is scanned in the manner 
described above. During the scan the signal 54 will 
strike the characters on the substrate and be reflected 
according to the geometry of the characters. As with sig- 



c 10 

j. : . 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



' nal Reflect ion by* patterns, ^described above with refer- 
ence 1 to Figured; the reflection is unique to the particular 

- arrangeirrerit and configuration of the characters. Thus, 
'the'resulting signal can be comparedto stored data rep- 
~ resenting previously scahned characters. • 
•fdofeiy in aiiother embodiment, the invention is used 
' to; determine a substrate'V orientation and center. Ori- 

entatiori ahd center-finding are necessary to ensure 

* properpbsitibhirig of the substrate in a chamber for par- 
ticular processes. For example; etching involves the use 
; 6f a mask to cover certain portions of the substrate sur- 

: 1ace. In order to position the mask on the appropriate 
^"portions of the substrate the orientation of th'e substrate 
'must firstbe determined. The patterned* surface of a 
~ properly 1 * oriented -substrate on the" blade provides a 
" unique signature* (as described above with reference to 
' Figiire"6)' which can'be stored in a computer system 
' such ais the EPi 86. Thus, the present invention can be 
; used'to' verify the signature. As a substrate is moved 
into the optical path 61 of receiver unit 58, the receiver 
unit 58- determines whether the signature is correct. If 
the'signatureisverifiedfhe conventional orientation task 

* can be'bypasSsedi thereby increasing throughput. 

: - [0062] : Substrate celiter-finding currently employs the 
use of one or more' sensors to determine the center of 
a substrate" Use oTth'e present invention enables sub- 
strate center-finding capability, thereby eliminating the 
heed fo>iadditi6hal ,J sensors" Additionally, the compo- 
nent^ 5f the 4 friventibn may be located outside of the vac- 
uum erWirdriment of a processing system, thereby elim- 
inating butgassing problem's associated with conven- 
tiohar arrangerrfehts. During operation of the invention, 

* a : substrate is illurhinated and scanned by the OSA (/.a, 
the transmitter unit : 56 arid the receiver unit 58) during 
trie r retraction/ extension, and/or rotation of the blade. 

' Thus, the diarneter and, therefore, the center, of the sub- 
strate can be determined by the EPI 86. For example, 
as a : substrate is rnoved into the path of the signal 54, 
the leading edge of a substrate is detected due to re- 
jected iighvdnce the substrate passes through and be- 
yond the signal 54, the receiver unit 58 ceases to detect 
a signal; The'tirtie between initial detection of a signal 
54 and ceasing detectioms recorded. For a known robot 
speed, the recorded time may be used to calculate the 
'diameter of the substrate. If the substrate is determined 
1 not to be centered relative to a calibrated value, an ad- 
justment is 'made to the destination coordinate of the ro- 
bot 50 ; to correct the offset. It is understood that the par- 
ticular method of calculating the substrate center is not 
'limiting of the invention and people skilled in the art will 

: recognize other possibilities. For example, in another 

- embodiment, detection of the leading and lagging edges 
of a substrate, as described above, may be associated 
with the encoder value of the robot 50 at the time of de- 
tection. The encoder values can then be compared to 
calibrated values for substrates of the same diameter to 
"determine any offset that must be accommodated. 
[0063] In anotherembodiment, a substrate's orienta- 
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tion arid center can be found while the substrate is po- 
sitioned in a chamber, such as a cool downicharhber, a 
degas chamber, or any other chamber of a processing > - 
system such as the one shown in'Figure S.tCenter find- 
ing and orientation can be'simultaneduslydoneby po- --s 
sitioning the substrate in the field of- view of thereceiver . * 

• unit 58. The receiver unit 58 may be mountecfin a viewo' ' : 
port of the chamber or in any other position wherein the* -. . 
receiver unit' 58 can capture a substantial portion of the ■ * 
substrate in its field of view: In this manner, the chamber vf.fr .-. 
acts both as an area for analysis of the substrate as well . ' - 
as performing a processing function such as'cooling or - : 
degassing. As a result, analysis can proceed without af- • . 11 
fecting the throughput of -the' processing system. The- • z . 
transmitter unit 56, rather than providing lihe-illumina- 15 : 

* tioh as in the foregoing embodiments, : is adapted to pro- ■■ s 
vide annular illumination about the perimeter of the sub- 
strate. Thus, the transmitter unit 56 may be a Irght-ring 
taking the form of a fiber optic-based lightning, such as 
those commercially available from* Fostee of Auburn, * 20 
New York; and especially configured for machine vision 
and microscopy application: In one embodiment, the . 

* transmitter unit' 56 f is disposed -at 'an' upper end of the 
' chamber opposite the substrate being examined. Thus, .v 
" the side of the substrate facing the receiverunit >58 may & 

be illuminated by the transmitter unit 56. * 
[0064] 'During operation, the : substrate is positioned 
against a uniform background' in the chamber. The 
transmitter unit 56 then illuminates the surface of the 
substrate and the uniform background. The illumination = 30 
provides an image which is caiptured by the receiver unit"- 
*58. The image is then transmitted to the EPI 86 for. 
processing. Analysis of the image by the . EPI 86 is ac- 
' complished by identifying a contrast in optical density. • : 
A change in contrast can be identified by-comparing the 35 
optical density of one area of the image to optical density 
of another area of the image.- Because the substrate is 1 : 
positioned against a uniform background, analysis of \ 
the image taken by the* receiver unit 58 will-indicate a- , 

• marked density contrast between the substrate and the 40 
uniform background. Thus/ by anaiyzihgc contrast- 
changes along the line" or several fines of pixels the di- 
mension and shape of the substrate can be determined, v - 
In addition, analysis of the entire image provided by the 
receiver unit 58 will map the substrate perimeter indicat- --45 
ing the position of an orientation notch. ' In thi& manner, 
the center and the orientation of the substrate can be . 
found simultaneously: ' ' 

[0065] "Optical density contrast "refers to the change 
in contrast of the image received by the ESI 86 due to so 
illumination of varying surfaces. Different surfaces (in 
the case the substrate and the background surface) pro- • * 
duce different spectral- results whenilluminated, as de- - 
scribed above with regard to spectral signatures. Such ' 
spectral variations can be analyzed by the EPI 86 to de- 55 - 
termine the dimensions of the substrate being illuminat- 
ed. 

[0066] In another embodiment wherein the transmit- ■ 



ter unit 56 is a light-ring, ,the transmitter unit 56 may be 
placed to illuminate the back side of th^ substrate. Ac- 

• cordingly, thetransmitter unit 56 is sized to have an inner 
diameter slightly less than the.diamete; of the substrate 
and the outer diameter slightly greater thap the . diameter 

.-of the substrate. As a.result, -the illuminating radiation of 

• the transmitter unit 56 is provided to a.perimeter portion 
of the back side of the wafer. While the sybstrate blocks 
a portion of the illuminating radiation from the,, receiver 
.unit 58, a portion of the radiation outside the diameter 
~-of the substrate is visible to-the receiver j unit 58, thereby 

enhancing optical density contrast at the,- substrate 
edge. The resulting image .provides a relatively darker 
. area corresponding to the area occupied by the sub- 
: strate.. •><*■;.■.- . : . « ■ v 
-[0067] / For contrast analysis, the receiver unit 58 is 
preferably a twordimensional CCD pixel array camera 
having lateral and vertical fields of view that span mul- 
tiple pixels. In this manner, .the acquired images provide 
multiple pixel rows. and columns for quantification of a 
substrate's dimensions. 
- [0068] A contrast analysis, as described herein, can 
be implemented using well known machipe vision tech- 
niques and commercially available systemsfor execut- 
ing the same. For example, machine vision systems ca- 
pable of implementing contrast analysis techniques are 
available from Cognex Corporation of Matick, Massa- 
chusetts. An example of a suitable machine vision sys- 
tem is the Cognex MVS 8000 series system.which in- 
eludes a set of PC-based machine vision hardware and 
software .tools. With such a system, the images can be 
.analyzed on a pixel by pixel basis to evaluate optical 
density differences. 

[0069] Accordingly/the invention provid.es an appara- 
tus and method for generating real-time information 
about selected characteristics of a substrate-Substrate 
inspection is preferably performed before and after 
processing. A preferred operation of the invention may 
be understood with reference to Figure 5. Upon transfer 
of a substrate from the transfer chamber 110 into a proc- 
ess chamber 114 or service chamber 1.16,by the robot 
113, the invention preferably operates to scan the sub- 
strate in the manner described above. The result of the 
scan then produces information regarding, substrate 
type, orientation, centerfinding, discontinuity,- specular 
signature and presence of particles. Following process- 
ing, these same.characteristics may be determined dur- 
ing the retraction of the substrate from the processing 
or service chamber. Additionally, a determination may 
be made regarding- the process results. Forexample, 
the reflected signal from the substrate scan may be used 
to generate information on. process uniformity and the 
process endpoint in the manner described above. 
[0070]. Thus, the invention provides real or near real- 
time pre- and post-processing information regarding 
characteristics of a substrate. Because the information 
is real-time an immediate-cost efficient decision can be 
made:about how to handle the substrate. Further, be- 
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cause each substrate may be inspected fas opposed to 
selected substrates from a batch, the information can 
be used to rectify identified problems with;minimal dam- 
age to substrates and the processing environment. 
[0071]* In addition to inspecting a subslrate^theinven- -. 
tibn is also adapted for calibration'and health monitor- 
ing. In one embodimenV-the invention maybe used tov 
calibrate the detection devices: Because' the iliumina-r 
tion and detection optics ol the invention will not be uni-*. 
•form,- the ^operation must be normalized. Normalizations 
' will- be accomplished in the -following :way. When the"-. 
OSA (the transmitter unit 56 and the receiver unit 58) is 
first installed, asubstratewillbe placed upside:down on 
a robot blade. The robot blade will then move the sub-: 
strate under the receiver unit 58. During the rotation of : 
the blade both peak-to-peak and root-mean-square 
(RMS) measurements are made for each element of the . 
detector 82. A comparison is then made~between the 

• average reading of each detecto? elementto determine-; 
the correction factors necessary to normalize the sys- 
tem. Subsequently, the substrate* is removed and the 
solid portion of the robot blade (/.e>; excluding holes and 
edges) is* then scanned in a similar fash ion. The peak-:, 
to-peak and average for each detector element is then . 
compared to the normalized correction factors to deter- 
mine the blade* correction factors. With- the blade nor- 
malization factors in place, the blade can act as a resi- 
dent calibration reference. Thus- the'OSA can-monitor 
the'empty blade during normal operation to determine 
if the optics 62, 80 are functioning properly: If the optics 
62/80 are contaminated; or a detector element of the 
detector 82 degrades, it will be detected by the foregoing ' 
background test. 

[0072] Additionally, contamination disposed on the-' 
surface of the blade 48 is also detected by the test de-v 
scribed-in the foregoing embodiment. Contamination on ;■. 
the blade 48 indicates that the backsides of substrates 
are being scratched at some point during: the handling 
of the substrate. Thus, if contamfnation is detected on. 
the blade, the system can be halted for inspection, . 
thereby preventing -further contamination to the 
processing environment. ' - ■* j • ; 
: [0073] In another embodiment; the OSA facilitates ro- 

- bot calibration. The processing system rbbots, such as 
the transfer chamber robot 50, periodically require cali- 
bration in order to ensure proper orientation and align- 
ment. Because the OSA is mounted at a fixed location 4 

- on a processing system, the OSA can provide a point of 
reference for the transfer chamber robot calibration. . 

* Once the blade' normalization factors have been deter- 
mihe'dpas described above, the blade features can be 
detected to verify the robot position and proportional, 

- integral and differential (PID) values: Sufficient variance: \ 
between the detected position values and the calibrated 
position values stored by the EPI 86 indicates misaiign-v 
mehtof the blade. The misalignment can be corrected 
by "homing'* the robot according to the stored values. 
[0074] The invention also enables monitoring of robot 
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behavior. As the robot blade is rotated through the op- 
tica I .path 61- (shown kvFigure2) of the receiver unit 58, 
thecblade edge .nearest tathe center of rotation will enter 
itntoahe optical.path 61 first. This. edge will then enter 
, the fieldrofcvie^vs (FQVs) of each detector, element suc- 
cessively at a rate which is determined by the blade ve- 
- tocdty;This allows the.OSA tojndependently monitor the 
: h0haviof;Qf'a t robotincluding characteristics such as set- 
tling. time,- accelerations and stability Gan be measured/ 
monitored. The;cqllectedp , ata can be used to manually 
or automatically set the PID.parameters ofthe robot. 
,[0075] . Various other possible applications are not dis- 
cussed here in detail. : For. example, the -invention may 
be usedtp detect the presence of a substrate on a robot 
•blade as waltas determining whether the substrate is in 
a{bJade.clamp^sed,to secure the substrate during the 
movement of. the blade. Those skilled in theart will rec- 
ognize other-applications contemplated by the present 
invention^ l - ■ ; ■ - 

[0Q76] -Thus, the invention.facilitates the integration of 
numerous, functions currently achieved by different 
components, in a typical cluster tool. One or more single 
transmitter-. units 5jS, and receiver units 58_ advanta- 
geously positioned.^ such as in a transfer. chamber, can 
" perform multiple functions including.centerTinding, ori- 
entation; particle inspection 15 damage inspection, robot 
behavior monitoring, etc.: While such tasks are currently 
.not .preformed or* are. performed at various positions of 
the processing-platform and require dedicated equip- 
ment, ih& invention provides a multi-purpose apparatus 
capable of achieving a higher level of system integration 
and reducing thesyst,em operating costs. By performing 
the substrate- scanning methods described above on- 
the^ly: ie; 4Z during, necessary substrate transfer se- 
quences-, the jmpacHp system throughput is minimized. 
[0077] , Which tasks are performable on a substrate is 
.determinedly a program product readable by the EPI 
B6, Preferably,: the-prpgram product is software reada- 
ble by the EPI and includes code to generate at least 
substrate. positional information, substrate reflectivity in- 
formation, specular information, substrate defect infor- 
mation, substrate damage information,, particle contam- 
inationinformation for smooth and patterned substrates, 
: particle contamination, information for the robot blade, 
alphanumeric character information, robot behavior in- 
formation, calibration information for the robot and the 
detection devices and any combination thereof. It is un- 
derstood that the foregoing list is merely illustrative and 
. other functions may be performed by the invention. 
[0078] While the foregoing is directed to the preferred 
embodiment ;of the present invention, other and further 
embodiments of the invention rjiay be devised without 
departing from the. basic scope thereof, and the scope 
, thereof is determined by the claims that follow. 
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Claims 



1 . A slageless substrate inspection* apparatus, com- 
prising: 



3. 



5. 



* (a) a first chamber; " •* *..*■- 9i . 

(b) onaor more second chambers disposed in- - v.-.* l 
selective communication with the first chamber : -*■ 

wherein the first chamber and one or more sec-- • - 
" ond processchambers are components' of an., tc >'.--. 

integrated processing system; V : - : i 

- -(c) a transmitter-uhitincluding a light source po~ v ~ 
sitioned to transmit a signal into the first cham- 
ber; • . " : 

(d) a robot disposed in the first chamber, com-: 'is*: ' . 
■' prising asubstratesupport member positioned vr 

- in'the one or more second chambers and posi-v . 
-* tionable to intersect the.signai;-and 

(e) a receive unit including a signal detector po- 
sitioned to receive a scattered, portion of the 20 - 
signal. * . - . . ' . . . 

An apparatus as claimed. in claim:1 , wherein at least 
one or the first -chamber and one or* more second 
chambers* comprises* a vacuum chamber. 25 ,10. 

An apparatus as claimed in claim 1 or claim 2, . 
wherein the signal is transmitted tointercept a sub- 
strate supported on. the substrate support member 
and moving through the first chamber. s 30 - • 

An apparatus as claimed in any of claims 1 to 3;*.. . 
wherein the light source is selected. from the group 
comprising a coherent light source, a broad spec-. ~" 
trum light source and a laser source. - : 35; 

An apparatus as claimed in' any of claims 1 to 4, - * 12, 
wherein the signal, detector comprises a charge- 
coupled device (CCD) detector. 

' - *. 40- ' 

An apparatus as claimed' in any of claims 1 to 6, :, ■ 
- further comprisinga processing unit coupled to the 13. 
receiver unit and comprising.one or more computer- 
readable programs adapted, to generate informa,- 
tion pertaining to the condition of the substrate. 45 



s An apparatus as claimed in claim 7,- wherein the 
substrate positbned information includes a center 
point of a substrate and an orientation oHhe sub- 
strate relative .to the substrate support member. 

A semiconductor processing system; 'comprising: 

. ( < . (a) a chamber selected from a group compris- 
ing.atransferchamber r and.afront-endenviron- 
. - ment; * ■■ 

- i< (b) a plurality .of vacuum chambers disposed in 
. . selective communication with the chamber; 

(c) atransmitter.unit comprising a beam-shap- 
ing optics assembly and a light source posi- 

. tionedto transmit a signal into chamber; 

(d) a robot.disposed in the chamber comprising 
a substrate support, member positionable in 
one or moreiof the plurality of vacuum cham- 
bers and positionable to intersect the signal; 
and ... 

(e) a receiver unit including a signal detector 
: positioned to receive a reflected portion of the 

signal. 

A system as claimed in claims, wherein the plurality 
of vacuum chambers comprises at least one load 
lock in selective fluid communication with the cham- 
ber and. one or more of a processing chamber and 
a service chamber. 

A system as claimed in claim 9 or claim 1 0, wherein 
the' beam-shaping optics assembly is adapted to 
provide. a spot size having a length substantially 
equal to a diameter of a substrate* positioned on the 
substrate support member. 

A system as claimed in any of claims 9 to 1 1 , where- 
in the light source is selected from the group com- 
prising a coherent light source, a broad spectrum 
light source. and a laser source. • 

A system as claimed in any of claims 9 to 1 2, further 
comprising a processing unit coupled at least to the 
signaldetector for receiving and processing the re- 
flected portion of the signal. ** 1 



7. An apparatus as claimed in clainrv6, wherein the in- 
formation pertaining to the condition of the sub- 
strate comprises substrate positional information, . 
substrate reflectivity information, specular informa-,. so . 
tion, substrate defect information, substrate dam- . 
age information, particle contamination information 
for the substrate. support member and a substrate 
disposed thereon, alphanumeric character informa- 
tion, robot behaviour information, calibration infor- $5 
mation for the robot and transmitter unit and receiv- . 
er unit, and any combination thereof. •"' 



14. A system as claimed in any of claims 9 to 1 3, where- 
in the signal detector comprises a CCD detector. 

15-/ A 1 system as claimed in claim 14, wherein the re- 
ceiver unit further comprises an optics assembly 
adapted to image the reflected portion of the signal 
on the CCD detector. 

16. Asystem asclaimedin any of claims 8 to 15, further 
. comprising.a processing unit coupled to the receiv- 
. er unit and comprising one or more computer- read- 
able programs adapted to generate information per- 
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(a) a transfer chamber, comprising: 

(i) a body; and 
f - (ii) aJid disposed on the body to define an 
■ evacuable cavity, wherein 1 the lid includes 
. a plurality of opening formed therein sealed 

• with an energy transparent plate; 

(b) a plurality of vacuum chambers disposed in 
... .selective communication with ,: the. transfer 

1 ' - chamber, includingat least one load lock cham- 
* be'r and at least one processing, chamber; 
■ ^ (e).a transmitter unit comprising a beam-shapf : 
ing optics assembly and- a , light source posi- 
tioned on the energy transparent plate exter- 
nally to the cavity to transmit a signal into the 
" . - xavity; 

(d)_a* receiver unit including a signal detector 
positioned on the energy transparent plate ex- 
ternally to the cavity to receive at least a portion 
f ■ of the signal; and 

: ^(e) a robot disposed in the transfer chamber. 
*- comprising a substrate support member posi- 
tionable in one or more of the plurality of vacu- 
um chambers and positionable to intersect the 
. * ■ signal. . - 

20. A system as claimed in claim 1 9, wherein the beam- 
: shaping optics assembly is adapted to provide a spit , 
size having a length; substantially equal to a diam- - 
eter of,a substrate positioned on the substrate sup- 
port member. . . 

21 : A system as claim 1 9 or claim 20, wherein the light: 
* source is selected from the group comprising a co-. 
herent light source, a broad spectrum light source 
and a laser source. . - . 
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tainingto the condition of the substrate. 

.17. A system as claimed inxlaim16, wherein the infor- 
: : mation pertaining to the condition of the substrate 
comprises substrate positional information, sub- 
.strate: reflectivity informations-specular information, 
substrate defect information, substrate damage in- 

- ** -formation, particle contaminatioainformation for the-: 
■ ^substrate support member* and a substrate dis- 
posed thereon, alphanumeric character infbrma- 
tion,' robot behaviour information, calibration infor- 

. . . . matidh of;the robot andtransmitter unit and receivec 
unit, and any combination thereof. 

18; A system as claimed in claim 17, wherein the sub- 
strate positional information includes a center point ■■< 
: : ' of. a substrate and an orientation of the substrate; 
' * relative to the substrate support member. 



19. A semiconductor processing system, comprising: 20 



22. A system as claimed in any of claims 19 to 21, 
wherein the signal detector comprises a CCD de- 

* ' s Sector.;. ' j .* -. IK . * ' 

23. A system as claimed in any of claims 1 9 to 22, fur- 
ther comprising a processing* unit coupled at least 

. Cr.i't tothe -signal detector for receiving and processing 
a: ^?the reflected portion of the signal. 
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24. ;A system as claimed in any of claims 19 to 23, 
wherein the processing unit comprises one or more 
.*; : computer-readable programs adapted to generate 
£* - l information^pertaining to the condition of the sub- 
strate. 

' .*-«.*"•.,.■.■, . i % : 

- 25: .A system as daimed in claim 24 ; .wherein the infor- 

:matiorT : pertaining to the condition of the substrate 
K- comprises .substrate positioned information, sub- 
^ _ strate reflectivity information, specular information, 
v ( : ...substrate defect information, substrate damage in- 
formation, particle contamination: information for the 
substrate support member and a substrate dis- 
posed thereon, . alphanumeric character informa- 
: .( tion, -robot behaviour information, calibration infor- 
* : mation for the. robot and transmitter unit and receiv- 
er unit, and any combination thereof. 

.26j A system acclaimed in claim 25, wherein the sub- 
strate position includes^ center point of a substrate 
and aniorientationrof the substrate relative to the 
substrate support member. 

27. A method for scanning a substrate, comprising: 

.•: (a) transmitting an optical signal from a region 
external to a vacuum chamber along a first path 
Jnto-a* vacuum chamber oLa multiTChamber 
. semiconductor processing system including at 
least one. substrate processing chamber; and 
(b) moving a support member having the sub- 
r--^ • , s . 1 strate disposed thereon from a.first position to 
: a ;second position in the vacuum chamber 
... . - ;? wherein, at least a-portion of the substrate is 
; -moved through the first path,. and wherein the 
" . . supportmember is positionable in one or more 
chambers of the multi-chamber processing 
■ v-.? „ system.' • . : 

.28- A method as claimed, in. claim 27, further compris- 

•■".■ing:.- \ *. * • *: • - ■ 

- (c) detecting the presenceof a reflected portion 

- . ». of the optical signal; and - 

; v... r - (d) determining the presence of one or more 
- : : particles. disposed on, the substrate. 

29. A method as claimed in claim27 or claim 28, further 
comprising: 
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(c) detecting the orientation of the substrate ■ - - 
on the support member. : ■ i 

30. A method as claimed in any of claims 27 to 29, fur- ;■■ 
ther comprising: 5 

(c) determining a position of a first edge of tha- ' — • . 
substrate; v 

(d) determining a position of a second edge of 

the substrate; and " * >'• 10 "" ' 

(e) determining a position of the substrate relv - 
ative to the support member. 

31. A method as claimed in any of claims 27 to 30, 
wherein (b) comprises linearly actuating the sub- is 
strate. 



,J .(a) transmitting an optical, signal, along a first 
• . . path into a vacuum chamber of a multi-chamber 
semiconductor processing. system including at 
■ least one substrate processing chamber; 

(b) moving a support member having a sub- 
*. strate disposed thereon from a first position to 

:-'.j,a second position .in*. the vacuum chamber 
: s whereiaat least aportion of the substrate hav- 
: , ihg alphanumeric characters inscribed thereon 
• >is movedthrough the first path, and wherein the 
' ' • suppoitmember is positionable in one or more 
chambers of: the multHchamber processing 
system; and 

(c) detecting the presence of a first portion of 
the signal reflected by the alphanumeric char- 
acters. 



32. A method as claimed in any of claims 27 to 30, 
wherein (b) comprises rotationally actuating the 
substrate. 

33. A method as claimed in any of claims 27 to 32, fur- 
ther comprising: 

(c) detecting the presence of a reflected portion 
of the optical signal; and 

(d) determining substrate positional informa- 
tion, substrate reflectivity information, specular 
information, substrate defect information, sub- 
strate, alphanumeric character information, ro- 
bot behaviour information, calibration informa- 
tion for the robot and transmitter unit and re- 
ceiver unit, and any combination thereof. 

34. A method for scanning a substrate, comprising: 
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39. A method as claimed in claim 39, further compris- 
ing: 

(d) converting the first portion of the signal into 
data representing the alphanumeric charac- 
ters; and 

(e) comparing the data representing the alpha- 
numeric characters with stored data. 



40. A method as claimed in claim 38 or claim 39, further 
comprising: 

(d) detecting the presence of a second portion 
30 of the signal reflected by particles disposed in the 
substrate. 

41. A method for determining a surface topology of a 
substrate having surface patterns formed thereon, 

35 comprising: 



(a) illuminating a background surface and at 
least an edge portion of a substrate positioned 
in a chamber; and 

(b) acquiring an image of the illuminated portion 40 
of the substrate. 



35. A method as claimed in claim 34, wherein the illu- 
minated portion of the substrate is one of a backside 
of the substrate or an upper surface of the sub- 
strate. 



45 



36. A method as claimed in claim 34 or claim 35, further 
comprising: 

(c) determining at least one of a center or ori- so 
entation of the substrate. 



37. A method as claimed in claim 36, wherein (c) com- 
prises analyzing the optical density contrast ol the 
image. 
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38. A method for optical character recognition and par- 
ticle detection, comprising: 



illuminating the substrate with a signal emitted 
from a light source; 

receiving, at a detector unit, a reflected portion 
of the signal; 

generating, at a processing unit, substrate 
specular signature information representing 
specular characteristics of the reflected portion 
of the signal; and 

comparing the substrate specular signature in- 
formation to calibrated specular signature infor- 
mation. 

42. A method as claimed in claim 41, further compris- 
ing: 

determining whether a different between the 
substrate specular signature information and 
the calibrated specular signature information 
exceeds a predetermined value; and 
if the difference exceeds a predetermined val- 
ue, determining that an unacceptable level of 
contamination exists on the substrate. 
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43. A method as claimed in claim41 or claim 42, where-* • * * v 
: in the generating comprises determining, by the 

pTocessing unit, alirst number of data readings at 
-• -a given Intensity for a' range of. intensity values. * Iv.'il 
"•' - : - . 5 

44. A method as claimedin claim 43 1 -.wherein the cali- 

■ ' «' brated specularsignature information comprises a- -.- .: cc± 

second number'of data readingat the given inten- 
' ;, s1ty- for the -range of- intensity .values and whereirio : V-.v;. 
* * v ; comparing comprises 'determining a different in the 10 
"' 'first number "^of-:data reading from the second > 
- • number of data readings. 



20 



EP 1 083 424 A2 




1C 



y.EP.1 083 424 A2 




17 



• EP 1 083.424 A2 




18 



; ^ EP -1 083 424 A2 




19 



:EP 1:083424 A2 




EP i 083 424 A2 




22 



.|Eft 1,083 424 A2 



200000 




.•INTENSITY LB/EL 




LU 

ill 

LU 



£ -20000 i 1 1 r 1 r- 

0 50 100 150 200 250 

' * INTENSITY LEVEL 

Fig. 7 



23 



•- i 



(19) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 083 424 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

18.04.2001 Bulletin 2001/16 

(43) Date of publication A2: 

14.03.2001 Bulletin 2001/11 

(21) Application number: 00307704.7 

(22) Date of filing: 07.09.2000 



(51) mtci 7 : G01N 21/94, G01N 21/95, 
G01N 21/88, G01N 21/956 



(84) Designated Contracting States: 


• Tsadka, Sagie 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Yavne, Israel 70600 (IL) 


MC NL PT SE 


• Smargiassi, Eugene 


Designated Extension States: 


San Jose, CA 95123 (US) 


AL LT LV MK RO SI 


• Mershen, Jason 


(30) Priority: 07.09.1999 US 391341 


Mountain View, CA 94040 (US) 


• Hogan, FinbarJ. 


(71) Applicant: Applied Materials, Inc. 


302 Santa Clara, CA 95054 (US) 


Santa Clara, California 95054 (US) 


(74) Representative: Bayliss, Geoffrey Cyril et al 




BOULT WADE TENNANT, 


(72) Inventors: 


Verulam Gardens 


• Hunter, Reginald 


70 Gray's Inn Road 


Round Rock, TX 78681 (US) 


London WC1X8BT (GB) 



(54) Particle detection and embedded vision system to enhance substrate yield and throughput 



(57) The disclosure relates to an apparatus and a 
method for scanning a substrate in a processing system 
(40). A transmitter unit (56) and a receiver unit (58) are 
disposed on a processing system and cooperate to 
transmit and detect energy, respectively. The transmit- 
ter unit is positioned to transmit a signal onto the sub- 
strate surface (37) moving between vacuum chambers 
(44), one of which is preferably a transfer chamber (42) 
of a cluster tool (1 00). Features disposed on the sub- 
strate surface, which may include particles, devices, al- 



phanumeric characters, the substrate edges, notches, 
etc., cause a scattering or reflection of a portion of the 
signal. The receiver unit is disposed to collect the scat- 
tered/reflected portion of the signal and direct the same 
to a precessing unit (86). Preferably, the transmitter unit 
comprises a laser source and the receiver unit compris- 
es a charged-coupled device (CCD). Preferably, the in- 
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to allow substrate inspection during normal operation 
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